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Description 

The invention relates to a process for the re- 
moval of O2 or 0 ? together with, other impurity 
gases from impure ammonia. 

Ammonia (NH 3 ) gas is widely used in the 
semi-conductor industry in processes such as 
chemical vapour deposition (CVD) and epitaxy. 

The purity of the gas is of great importance as 
the yield of the circuits manufactured depends to a 
great degree upon this purity. While it is not possi- 
ble to say what impurity level is associated with a 
given degree or number of defects found in any 
circuit it is possible to say that the higher the purity 
of gas used the greater is the yield of usable 
circuits. 

In the past it has been common practice to use 
organic hydrocarbons or plastics for the removal of 
impurities from hydrogen containing gases such as 
NH 3 . More recently there have been used hydrided 
getter metais or alloys. See for example EP-A- 
0470936; 

However their use has led to one or more 
disadvantages. With organic hydrocarbons or plas- 
tic sorbents an increase of the operating tempera- 
ture can cause the release 'of hydrocarbons with 
subsequent recontamination of the purified gas. 
The very nature of the materials is such that they 
may decompose arid lead to the production of 
unwanted gases. The use of a hydrided getter 
metal or alloy has prevented the sorption of some 
of the undesirable gases. Furthermore the use of 
hydrided getters implies the introduction of addi- 
tional costs and possible difficulties. 

US-A-4586561 discloses how. to remove H 2 
from a Hfe-containing NH3 gas atmosphere by ad- 
sorption on/in Zr-based intermetallic alloys. The low 
adsorption temperature (less than 100°F = about 
40 "C) is not only imposed by the particular ap- 
plication in arctic condition, but also by the neces- 
sity of forming stable hydrides. 

It is an object of the present invention to pro- 
vide an improved process for the removal of O2 or 
0 2 together with other impurity gases from impure 
gaseous NH 3 , which does not require the use of 
organic support or plastics for the removal od 
these impurities from NH3 and also does not re- 
quire the use of a hydrided getter metal or alloy. 

This object is achieved by means of a process 
according to the characterizing features of claim 1 . 

These and other advantages and objects of the 
present invention will become clear to those skilled 
in the art by reference to the following description 
and the drawing in which: 

Fig. 1 is a schematic diagram, partially cut 
away, of an apparatus useful in a process of the 
present invention. 



With reference to the drawing,- there is illus- 
trated an apparatus 10 useful in carrying out the 
process of the present invention for the removal of 
O2 or O2 together with other impurity gases from 
5 impure NH3. Apparatus 10 comprises an impure 
gas inlet 12 through which enters the impure IMH3. 
Inlet 12 is in fluid communication with a chamber 
14 for the purification of the NH 3 and contains a 
getter alloy 16. Chamber 14 is in fluid communica- 
10 tion with a purified gas outlet 18. 

Getter alloy 16 is in the form of a powder of 
particle size preferably less than 500 urn and more 
preferably less than 125 urn. It is preferably in the 
form of pellets, with or without a binder, suitable for 
15 incorporation within chamber 14. 

The composition of the alloy is Zr-V-Fe. 

Typical compositions of the ternary alloy ac- 
cording to the invention comprise: 

Zr from 45 to 75, and preferably from 47 to 
20 70% by weight 

V from 20 to 50, and preferably from 24 to 
45% by weight 

Fe from 5 to 35, and preferably from 5 to 1 0% 
by weight. 

25 The composition in weight percent when plot- 

ted on a ternary composition diagram in weight 
percent Zr, weight percent V and weight percent. 
Fe lies within a polygon having as its corners the 
points defined by: 

30 (a) 75% Zr - 20% V - 5% Fe 
'(b) 45% Zr - 20% V - 35% Fe 
(c) 45% Zr - 50% V - 5% Fe 
and preferably lies within the polygon having as its 
corners the points defined by: . . 

35 (d) 70% Zr - 25% V - 5% Fe 

(e) 70% Zr - 24% V - 6% Fe 

(f) 66% Zr -. 24% V- 10% Fe 

(g) 47% Zr - 43% V - 10% Fe 

(h) 47% Zr - 45% V - 8% Fe 
40 (i) 50% Zr - 45% V - 5% Fe. 

Alloys useful, in the present invention are de- 
scribed in Boffito et al. U.S. Patent 4,312,669. 

It should be realized that small amounts of 
Other metals can be used without substantially al- 

45 tering its purification characteristics. For instance 
the iron may be partially replaced by nickel, or the 
vanadium may be partially replaced with niobium. It 
may be advantageous to replace some of the zirco- 
nium with titanium without substantially altering the 

50 main sorption ability of the basic ternary alloy. One 
or more substitutions may take place at the same 
time. 

The temperature of activation of the Zr-V-Fe 
alloy should be high enough to clean the surface of 
55 the particles from oxides and nitrides that have 
formed during air exposure. This can be accom- 
plished by heating in a vacuum or a flow of rare or 
inert gas to a temperature of greater than 300 'C 
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for a time of longer than 10 minutes, for example 
400 ■ C for 4 hours. 

The alloy, when sorbing impurities from NH3 
must not cause its dissociation and must be held at 
a temperature below the temperature of appre- 
ciable dissociation of NH 3 . This temperature should 
be less than 150°C and is preferably 100°C. A 
temperature of 100° C is sufficiently low to prevent 
NH3 dissociation but sufficiently high to cause the 
Zr-V-Fe to be active towards impurity gases. 

EXAMPLE 1 

A chamber 14 of an apparatus 10 was filled 
with 150 g of pellets, 4 mm in diameter and 3 mm 
in height, of compressed Zr-V-Fe powder. The 
nominal powder composition was 70% Zr - 24.6% 
V - 5.4% Fe by weight. 

The getter alloy was heated to 400 "G for 4 
hours, in argon, for activation. The temperature was 
lowered to 100°C and argon containing 14 ppm 
oxygen and 1 1 ppm water vapour was allowed to 
flow at 200 cm? per minute. 

The oxygen level at the output was measured 
using an OSKMKIII/Y oxygen meter having a sen- 
sitivity of 2 ppb 0 2 . The moisture level of the 
output was measured using an AQUAMATIC + hav- 
ing a sensitivity of <2Q ppb. 

The argon was allowed to flow and no impuri- 
ties were detected at the output. The flow was 
continued until breakthrough was observed. Break- 
through is that point at which the impurity level in 
the output gas starts to be detected. 

When breakthrough was observed, at the same 
time for both gases, the gas flow was interrupted. 
At breakthrough the quantity of impurities sorbed 
was 6 litre/litre for oxygen and 5 litre/litre for water 
vapor. This shows the ability of the purifier to 
remove H2 O and O2 (NB: the units are litres of 
impurity/volume in litres of alloy). 

EXAMPLE 2 

A new purifier was prepared exactly as in Ex- 
ample 1 and again was activated at 400 "C for 4 
hours in argon. The temperature was allowed to 
cool down to room temperature. NH3 was allowed 
to flow and the temperature was increased up to 
100*C. This was to prevent a sudden increase in 
temperature due to any exothermic reaction be- 
tween NH 3 and the alloy. The impurity content of 
the NH3 was 

Cfe 1 ppm; 

H 2 0 3 ppm; 

hydrocarbons < 1 ppm 

The NH 3 was allowed to flow at a rate of 100 
cm 3 per minute for 15 days at a temperature of 
100* C. 



The purification efficiency was then tested by 
passing argon containing 30 ppm of O2 and 30 
ppm of H2O through the purifier and measuring the 
output level. The argon flow rate was 1 litre/min. 

5 The levels of H 2 0 and 0 2 were below the sensitiv- 
ity limits of the measuring instruments, that is be- 
low 2 ppb for O2 and below 20 ppb for water 
vapour, showing that the H 2 and O? from the water 
are removed stoichiometrically together with 0 2 . 

70 After 150 minutes the values remained the 

same. 

EXAMPLE 3 

)5 To ensure that no NH3 was dissociated He 
containing 500 ppm of NH 3 was passed through 
the purifier at a flow rate of 0.5 litre/minute. The 
purifier was held at a temperature of 1 00 * C. 

A VICI VALCO gas chromatograph was at- 

20 tached to the gas inlet and outlet of the chamber. 
An analysis of the NHa peaks showed no appre- 
ciable difference but the peaks were not well 
formed so the possible decomposition products 
were looked for. 

25 Nitrogen was not detectable at either the inlet 

or outlet (0.2 ppm). 

H 2 at a level of 5 ppm was detected at the 
output but is assumed to be due to. desorption of 
that H2 sorbed at initial conditions of pure NH 3 . 

30 

Claims 

1. A process for the removal of 0 2 or 0 2 together 
with other impurity gases from impure gaseous 

35 NH 3 , by passing said impure gaseous NH 3 

through a chamber having an inlet for impure 
gaseous NH 3 and an outlet for purified gas- 
eous NH3, said process being characterized by 
the following steps: 

40 A. Fjlling said chamber with a Zr-V-Fe alloy; 

B. Heating said alloy at a temperature high- 
er than 300 "C for a time longer than 10 
minutes, in the presence of argon, helium 
and/or other rare gases; and subsequently 

45 cooling said Zr-V-Fe alloy to a temperature 

below 150*C; and 

C. Bringing said impure gaseous NH 3 into 
contact with said Zr-V-Fe alloy. 

50 2. The process of claim 1, wherein the cooling 
temperature is below 100° C. 

Patentanspriiche 

55 1. Verfahren zum Entfernen von 0 2 Oder 0 2 zu- 
sammen mit anderen Verunreinigungsgasen 
aus verunreinigtem gasformigen NH 3 , durch 
Passieren des verunreinigten gasformigen NH 3 
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durch eine Kammer, welche ein EinlaB fur das 
verunreinigte gasformige NH 3 und ein AuslaG 
fur das gereinigte gasformige NH3 hat, ge- 
kennzeichnet durch die folgenden Schritte: 

A. Fuller) der Kammer mit einer Zr-V-Fe- 
Legierung; 

B. Erhitzen dieser Legierung auf eine Tem- 
peratur uber 300 "C fOr eine langer als 10 
Minuten betragende Zeit in Anwesenheit 
von Argon, Helium und/oder anderen Edel- 
gasen und anschliefiendes Kuhlen der Zr-V- 
Ee-Legierung auf eine Temperatur unterhalb 
1 50 • C und 

C. Inkontaktbringen des verunreinigten gas- 
formigen NH 3 mit der Zr-V-Fe-Legierung. 

2. Verfahren nach Anspruch 1 , bei dem die Kuhl- 
temperatur unterhalb 100 °C liegt. 

Revendications 

1. Un' procede pour I'elimination de 0 2 ou de O2 
conjointement avec d'autres impuretes gazeu- 
ses de NH 3 gazeux impur, en faisant passer 
ledit NH 3 gazeux jmpur dans une chambre 
ayant une entree pour le NH 3 gazeux impur et 
une sortie pour le NH 3 gazeux purifie, ledit 
procede etant caracterise par les etapes sui- 
vahtes : ' 

A. remplir ladite chambre avec. tin alliage 
Zr-V-Fo ; 

B. chauffer ledit alliage a une temperature 
superieure a 300 * C pendant une duree de- 
passant 10 minutes, en presence d'argoh, 
d'helium et/ou d'autres gaz rares ; et ensui- 
te refroidir ledit alliage Zr-V-Fe a une tem- 
perature en dessous de 1 50 • C ; et 

C. amener ledit NH 3 gazeux impur en 
contact avec ledit alliage Zr-V-Fe. 

2. Le procede" de la revendication 1 , dans lequel 
la temperature de refroidissement est en des- 
sous del 00" C. 
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